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One of the major concerns in research related to future energy sources is the production, storage and distribution of hydrogen. The hydrogen economy will
require the development of clean and efficient methods for the production of hydrogen. Probably the most advanced nowadays is the generation of
hydrogen by electrolysis of water. This technology is widely developed at low temperature using alkaline electrolysers, and it is currently under continuous
research at high temperature (600-1000 ºC) using Solid Oxide Electrolysis Cells (SOECs) [1]. At higher temperatures, these devices present numerous
advantages in comparison with the low temperature devices, as the electrical energy demand is significantly reduced [2].
Currently there are only a limited number of electrolyte materials available for both SOFC and SOEC applications, as they need to be stable in a wide pO2
range, ensure fast ion conduction, and present no reactivity with other cell components at the operation temperatures. Even today the most common SOFC
electrolyte material is YSZ (yttria stabilized zirconia), based on a simple cubic structure type with oxygen vacancies introduced through ZrO2 substitution
with Y2O3, and hence there is a need for new electrolyte materials. Recently, a substituted LaNbO4 based oxide in which additional oxygen content is
accommodated through the adoption of a superstructure leading to interstitial ion conducting pathways was presented as an alternative SOFC
electrolyte [3]. In the present work we will explore the steam electrolysis behavior of single cells using this type of materials as the electrolyte.
[1] M. A. Laguna-Bercero, J. Power Sources 203 (2012) 4-16. [4] F. Chauveau et al., J. Power Sources 195 (2010), 744.
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 LaNb0.84W0.16O4.08 
Commercial powders of La2O3 (Sigma-Aldrich,
99.9%), WO3 (Sigma-Aldrich, 99.9%), and NbO2
(Merck, 98%) were stoichiometrically mixed and
calcined inside of a platinum vessel at 1400 ºC for 24
hours. This process was repeated several times until
no change was observed in the XRD pattern and the
LaNb0.84W0.16O4.08 single phase powders were
formed [3].
Single cells were fabricated by sintering the
material at 1550 ºC for 6 hours (~360 µm
thickness). Standard NiO/YSZ and LSM/YSZ
electrodes electrode (~30 µm thickness) were used.
Figure 1. Powder XRD pattern for the single phase 
W-doped LaNb0.84W0.16O4.08 material.
Figure 2. (left) interface of the LaNb1-xWxO4+δ
and NiO/YSZ; (right) interface of the 
LaNb1-xWxO4+δ and LSM/YSZ.
Typical j-V curves for both SOEC and SOEC
operation modes recorded using a
steam/hydrogen ratio of 1:1 are shown in the
figure. The reversibility of the cell when
swapping the cell polarization (change from
SOFC to SOEC mode) is demonstrated. As for
the Ruddlesden-Popper electrodes [16], the
ability of the La(Nb,W)O4+δ structure to
accommodate oxygen excess is probably the
reason for the increase of performance under
electrolysis mode.
Temp. 
(ºC)
OCV
(mV)
ASRcell
(SOFC)
(Ωcm2)
ASRcell
(SOEC)
(Ωcm2)
Current 
density at 
0.5V
(mA cm-2)
Current 
density at 
1.3V
(mA cm-2)
850 958 13.8 10.14 -34 39
900 937 3.55 2.05 -124 178
950 910 1.65 1.41 -199 256
Summary of the j-V and AC impedance parameters 
Temp.
(ºC)
Rohm
(Ω cm2)
Rpol
(Ω cm2)
ASRcell
(Ω cm2)
850 11.40 2.97 14.37
900 3.37 2.46 5.83
950 1.47 2.36 3.83
AC impedance experiments were also
performed applying 50 mA of current load in
order to analyse the SOEC regime. Ohmic
resistance of the sample at 850 ºC is rather
high due to the low LWNO conductivity at this
temperature. This value decreases significantly
when increasing the temperature, in
concordance with the j-V results. Polarization
resistance due to the electrodes is also higher
than the SOFC/SOEC standards as the
microstructure is not fully optimized.
SEM studies were performed after the SOFC/SOEC
experiments in order to study any possible degradation. Figure 5
(up) shows the clean interface between the Ni/YSZ electrode and
the LaNb0.84W0.16O4.08 electrolyte displaying no apparent
degradation. However, as marked by the arrow, slight
delamination of the LSM/YSZ electrode was observed after
operation. Although this is out of the scope of the present work,
delamination is one of the main problems associated with
electrolysis cells due to the high pO2 taking place at the
electrolyte/oxygen electrode interface [5].
LaNb1-xWxO4+δ is presented for the first time as a novel electrolyte for SOEC applications. The material presents no apparent reactivity with standard
Ni/YSZ and LSM electrodes. Preliminary SOEC results showed similar performance that standard YSZ at high temperatures (900-950 ºC). It is believed to
be first reported the enhancement in SOEC mode in comparison with SOFC mode. It is suggested that the reason for this effect will be the excess
oxygen of the ionic conductor phase. Although much work is now required in order to fully understand this phase, the LaNb0.84W0.16O4.08 structure
could be an interesting alternative for the traditional YSZ electrolyte.
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